Low extracellular K+ increases intracellular Ca2+ oscillation and injury by activating the reverse mode Na+-Ca2+ exchanger and inhibiting the Na+, K+ ATPase in rat cardiomyocytes.
The effects of low K(+) on post-ischemic reperfused heart cells are not clearly understood. Calcium overload is one of the major causes for myocardial reperfusion injury, the present study was to investigate the role of intracellular calcium oscillations in the effects of reperfusion with low K(+) on rat myocytes. Ischemic myocytes were reperfused with Tyrode solution containing K(+) at 5.4 (control) or 3.0 mM (low K(+)) for 10 min. the changes of intracellular calcium was recorded by spectrofluorometry. The exclusion of trypan blue by myocytes served as indices of viability. Measurements of cell length, reverse-mode Na(+)-Ca(2+) exchanger (NCX) and Na(+), K(+) ATPase activity were performed. Compared to control, myocytes reperfused with low K(+) had greater number of calcium oscillations and reverse-mode NCX activity, which were accompanied with decreased cell length recovery and cell viability. Reperfusion with KB-R7943, an inhibitor of reverse-mode NCX, attenuated the effects of low K(+) on all the parameters. Inhibition of Na(+), K(+) ATPase with Ouabain increased the susceptibility to calcium oscillations in myocytes reperfused with low K(+), which was accompanied with cell length shortening and decreased cell viability. Reperfusion with K(+) at 9.0 mM, which activated Na(+), K(+) ATPase, attenuated calcium oscillations, protected cell length recovery, and increased cell viability. These results suggest that increased calcium oscillations mediate the exacerbating reperfusion injury with low K(+) on myocytes, and inhibition of Na(+), K(+) ATPase activity and increase of reverse-mode NCX activity contribute to these effects.